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A b strac t T he infrared  and laser R am an spectra o f 2.4- and 3,4-dimelhyl phenols have been recorded The vibraUonal spectra have been
analysed assum ing C, pom t group A.ssignments for fundam ental vibrations, internal modes o f vibration o fC I I ,  and O il groups and com bination
and overtone frequencies have been proposed
K eyw ords R am an spectra, infrared spectra, dimethyl phenol 
PAC\S Nos. 13 20 Ka, 13 .20  Hi, 33 .20  Tp
The v ibrational spectra o f  p -n itro  phenol in  the region 3 0 0 -  
1000  cm ’ have been studied by Jakob.scn and B rew er | 1 |. 
Infrared spectra o f  o -, m -  and p -n itro  phenols have been 
studied by Y u g a l K is h o rc  ei al |2 ] V ib ra tio n a l spectra o f  
0 -. Ill- and p -a m in o  phenols have been studied by V erm a  
and Rai |3 | V ib ra tio n a l spectra o f 2 ,3 - and 2 ,5 -d im cthy l 
plicnols liave been studied by G reen ei al |4 |. T h e  survey 
of the lite ra tu res  in d ica tes  th at no w o rk  have been 
reported on the v ib ra tio n a l spectra o f  2 ,4 - and 3 .4 -d iin c lh y l 
plicnols w h ic h  w il l  be term ed A and B respectively  
hereafter.
The c o m p o u n d s ^  (in  liq u id  state) and B (in  solid state) 
were obtained fro m  K o c h  L ig h t Laboratories L td ., England, 
in pure state and w ere  used as such. T h e  I.R . spectra o f these 
compounds w e re  re c o rd e d  o n  d o u b le  beam  g ra tin g  
spectrophotometer P E 9 8 3  in  the range o f  4 0 0 -4 0 0 0  c m ^  
imd the R am an spectra w ere  recorded on R am anor H G -2 S 
(J O B IN -Y U O N , F R A N C E )  spectrophotom eter in  the range  
of 50 cm * to 4 0 0 0  c m “*.
A group o f  atom s acting  as substituents (CH3 and O H  in  
Hic present case) m ay  be treated as a single mass point, as
local sym m etry o f  th e  benzene r in g  is not m uch affected 
by substituent group [5 ]. A ssum ing  the p lan ar structure, the 
compounds under consideration  w o u ld  belong to C , point 
group and the 5 1 ( 3 N - 6 )  n o rm a l modes o f  v ib ra tio n  m ay be
classified as 3 5 7^' + 16«" Tab ic  1 contains fundam cnUil 
frequencies and internal modes o f v ibration o f C H 3 and O H
Tdble 1. Fundanicntul frequencies of' compounds A ami H ami internal 
modes o f vibration ol .suh.stilucnl group.s
Species Compound A Compound B Assignment
I R Ram an I R Ram an
a'
Vl mK2(3 3) P 3080(1 6) K C  11)
V2 - U)52(3.8) P 3042(1.6) v(C  H)
Vt 3020(5 5) 3028(4 0) P 3030(6 1) 3030(1.5) v{CAl)
V'4 1610(6.0) 1613(4.9) 1610(5 0) 1610(1.8) y(C C)
1590(6 3) 1592(5 3) P 1590(4 K) 1587(1.7) v(C  C)
1510(2.0) 1503(4 5) P 1500(3 6) 1500(1 8) v (C -C )
V7 1410(4 9) 1415(4 5) - 1425(1 8) K C -C )
Vb 1322(5.3) 1313(3 9) 1320(6 4) 1312(1 7) y{C^C)
V9 - 129.5(3 9) P 1290(3 7) 1295(1 7) V(C C II ,)
VlO 1260(2 4) 1270(4 3) P 1260(4.1) 1265(1 8) S(C-l\)
V u 1200(3.0) 1195(3 6) P 1205(4.5) 1197(1.8) v(C C H ,)
V12 1 150(5 3) 1155(3 7) P 1155(3.9) 1155(1 7) S(C H)
v n - 1085(3.5) P - 1090(1.6) H)
V|4 - 958(3 1) P 950(6 3) 947(1 .6) v(C-OH)
V i s 780(4 6) 780(2 3) P 775(1 .8) 772(2 .9) tf(C -C -C )
V16 555(8 9) 555(2.2) P 557(7.4) 555(1.9) w(C- C )
V i 7 490(6 5) 490(3.3) P 490(7.3) 492(1 .9) i5(C-C-C)
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Table I. (Cant'd) 
Species Compound A Compound B Assignment
I.R Kaman I R Raman
VlH
V|«>
V20
V2I
a"
\ '2 2
V21
V24
V2n
V20
V27
V2H
VZM
Vm)
n I, 
n I. 
n I
930(6 4) 
875(6 5) 
810(3 1) 
720(6 2)
445(5 4) 
n I 
n I 
n I
465(1 9) P 
353(2 2) P 
285(1 8) P 
265(1 6 ) P
940(2 9) dp 
880(2 8) dp 
810(2 5) dp 
717(2 8) 
587(2 1) dp 
445(2 2) 
2 2 2 (2  3) dp 
2 1 2 (2 .2 ) dp 
150(2 1 ) dp
n I. 
n i
M I
475(2 5) d{C-C-C) 
345(2 0) t!>'(C-C'Hi)
280(1 8) S{C-C\h) 
260(2 0)
867(6 1)
447(6 3)
11 I
n I
n I
930(1 9) 
872(1 6) 
792(2 4) 
715(2 6) 
585(1 8) 
450(3 8) 
220(9 6 ) 
205(2 8) 
155(2 4)
r(C-H)
KC-H)
y(C-ll)
HC-C' C)
r(C -C ^ )
riC-c^^c)
r(C-cii3)
r(C-cHi)
r(c^^ ii)
C'Mi group vibrations 
a'
v_l| - 2990(2 6 ) - 2990(1 7) i'(iv(T‘l Ij)
- 2980(2 5) 2980(5 8) 2977(1 5)
V31 2960(4 3) 2955(2 9) 2950(5 3) 2960(1 6 ) I'luCniO
V l4 - 2945(3 5) - 2937(1 6) v^ ,(CH3)
V is 2920(3 3) 2915(7 2) 2930(5 1) 2925(1 5) yAC\U)
V'Ui - 2903(4.8) - 2905( 1 6) v A C \ h )
V37 1645(4 2) 1460(4.7) 1462(1 8) 4,(CH3)
V3H 1455(4 4) 1455(4 3) 1452(1 7) 4v(CIl3)
V iy 1440(4 2) - 1445(1 7) 4.(CH0
V40 - 1430(4 5) M30(5 8) 1430(1 7) 4 .(C lli)
V4 I - 1385(4 8) 1380(6 7) 1382(1 8) S , {C \U )
V.,2 1375(5 0) 1365(4 4) 1370(6 9) 1372(1 7) d { C \ U )
1"
V43 - 1070(3.7) - 1065(1.8) y,-(CHi) Rocking
V44 1035(6 3) 1040(3 4) - 1047(1 8) MClIj)
V45 1015(64) 1017(3 0) 1020(6.3) 1020(1 9) M C H , )
V4 h 1000(6 8) 1003(3 1) 1005(4 9) 1002(1 7) M C H i )
V47 n i 193(1 8) n 1 195(1.7) y,(CIl3) Twisting
V4 H n 1 170(1 8) n 1 175(1 9) MCH3)
)U  1group vibrations
1
V4«; - 3610(1 1 ) 3610(6 9) 3610(1 3) v'(OH)
VM) - 1182(3 7) - 1178(2 1) S ( O H )
j"
Vsi n.i 304(1.7) n.i 310(7.0) r(0 \{)
y  - stretching. d  ^ m-planc bending, y ~ out of plane bending.
* = polarised, dp -  depolarized, n 1 = not investigated, as = asymmetric,
groups along w ith their proposed assignments. A ll the 
com binations and overtone frequencies along w ith  their 
assignments have been given in T ab le  2. Assignments for the 
various observed frequencies have been m ade on the basis 
o f  intensity o f  infrared bands, the nature o f  polarization of 
Ram an bands and the frequency range fo r d ifferent modes 
o f  sim ilar m olecules as given by Varsanyi [6 ,7 ].
I'able 2. Combination and overtone frequencies (cm ')
Compound (A)
3225 -1613 x 2 -  3226 (^ ')
2555 -  1613 + 940 -  2553 (A^) 
2230 = 1295 + 940 -  2235(/l") 
1945 -  1503 + 445 -  1948(^1") 
1750 = 1305 + 445 -  1750(/1") 
1220 -7 8 0  + 445 -  1225(/(") 
905 -  555 + 353 -  908 (/l') 
660 -445  + 212 -  657 (/t') 
422 -  2 x 212 ^ 424 (A')
Compound (fi)
3580 = 3030 + 555 -  3585(^/’) 
3220 -  1610 X 2 -- 3220(/f)
2620 -  1312 X 2 -  2624( r )
2210 -  1500 + 715 = 2215(,r') 
1847 * 1500 + 345 = 1845(/D 
1782 = 1197-4 585 -  1782(,r') 
900 -  450 x 2 -  900(/t )
750 -  492 + 260 ^ 752(A')
672 = 450 + 220 -  670(.-f')
s ~ symmetric, r -  rocking, / = twisting.
The figures in the brackets indicate intensity in the scale of 0 to 10. 
In Raman frequencies, the intensity of parallel positions has been given 
in the brackets
The frequencies vi, fo r A and B which lie in
the region 3 0 0 0 -3 1 0 0  cm ' [6 - 8 ] have been assigned as 
v(C-H), w h ile  the v(C"X)  (X =  substituent) arc mass 
dependent and have considerably reduced frequencies. The 
v<C“X) frequencies are vb, Vn and V\4 w here the first two 
correspond to KC-CH3) and the last one corresponds to 
v(C-OH). The v ibration  modes 8 c/, 8 6 , 19a, 196, 14 and I 
o f  benzene are v'(C-C). The frequency o f  the first five modes 
rem ain unchanged on substitution w h ile  the frequency ol 
m ode 1 changes on substitution. T h e  frequency o f  normal 
mode 14 is not very sensitive to substitution and Varsanyi 
[6,7] has suggested a range fo r this m ode between 1240- 
1290 cm f  H ow ever, it is im portant to note that this 
vibration is coupled in phenols w ith  in -p lane bending mode 
o f  the OH group resulting in an essential frequency increase 
[9 ]. Th e  frequencies K|, V5, vt, Mj and 1^ 16 have been 
assigned as v (C -C ) .
The  ^(C-H) frequencies rem ain  alm ost unaltered upon 
substitution but tf(C-X) frequencies decrease considerably 
The frequencies v\q, v\2, v )3 have been identified  as three 
<J(C-H) and the frequencies v)9 , K20, have been assigned 
to  <S (C -C H 3), iJ (C -C H 3)  and ^ ^ (C -O H ) respectively. The 
frequencies v j5, v p , v\% have been assigned as 
In  benzene derivatives, the ;^(C-H) vibrations are usually 
observed to lie  in  the range 7 0 0 -1 0 0 0  cm ”* and due to mass 
effect and other factors the frequency decreases considerably 
in y(C-X) vibrations and frequencies be lo w  3 50  cm * 
to be assigned to y (C -X )  v ibrations [6 ,7 ,1 0 ]. The  frequencies
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1/52, »^ 3’ assigned as ^ (C -H ) while the
frequencies V29, v^ o have been assigned as ^'(C-CHb), 
^(C -C H i) and ;^(C -O H ) respectively. We have assigned
3^ 7 3nd our assignments find support from
ihe assignments proposed by earlier workers [ M ] .
Each methyl group has three stretching vibrations, 
one being symmetric and the other two asymmetric. In the 
present case, four Vo,(CHi) and two v,(CH3) for two methyl 
groups have been observed at v^i, ^^ 3, 3^4 and 
respectively. Each methyl group has one symmetric, two 
degenerate asymmetric and two degenerate rocking modes 
of vibrations. Frequencies Vi ,^ v^g, VJ9, viio have been 
assigned as 4 »(C H 3) while Kn, V42 have been assigned as 
ilr'dCHr). The rocking vibrations y r(C H 3)  have been assigned 
at v'43, vms 3’4 i , 3’46- The C H 3 twisting modes have been 
assigned at V47, vag. The O H  group has one stretching one 
in-plane bending and one out o f plane bending frequencies. 
We have assigned V49 in the range o f 3500-3700 cm"' [1 I j  
with sharp infrared band as v<O H )- W e have assigned vjo 
as ('»(OH) andi'si as y (O H )  for the present compounds
The moderately strong and weak bands at frequencies 
that could not reasonably be assigned to fundamentals may 
be combinations and overtones.
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